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(57)Abstract: 

PURPOSE: To maintain filter resistance low for a long 
time and to provide a maintenance-free membrane 
separation equipment. 

CONSTITUTION: The objective equipment consists of 
flat membrane modules 3 each of which is a filter 
medium consisting of a spacer 4 and a UF or MF 
membrane 5 (a planar separation membrane), a vessel 1 
which is equipped with one or more flat membrane 
modules 3 and receives suspension liquid, and diffusing 
parts 9 of a diffuser arranged at the lower part of the flat 
membrane module 3 or at the lower side part of the filter 
medium. When the quantity of diffused air per hour from 
the diffuser is Intermittently set large by a blower 11 , a 
blower 13 and a valve 12, the movement of the 
suspension liquid is generated by gas 10, thus capable of maintaining the cleanness of the 
membrane surface. 
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(S7) (Atietnict] 

(ObJtctI An obfect or the present fnvonlkm is to provkle a 
membfane separation device that can maintain low filtration 
resistance ovar a lone pertod of time and that is mabilenance 
free. 

(Constltutlonl The present invention comprises « flat 
membrsne module 3, wluch Is a filter t>ody comprising a spacer 
4. and a Sat separation memtxane that is a UF or MF membrane 
5:alBnk1 in whkii no less than one said (lat membrane module 
3 is disposed, and which receives a iiquM suspension; and a 
difuser member 9 or a diSuskm device disposed below said flat 
membrane module 3. or bek>w and to one side or sakJ filter body: 
an inlermitlendy greater flow of difbised gas from diffusion device 
per unit of time is established by a blower 11. a blower 13. and a 
valve 12. and the membrane surface is maintained daan by the 
action of the Squid suspension generated by Sse gas 10. 
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(Claim 1] A membrane separation device characterized in that 
this comf^nses: a filter body compnsing a spacer and a flat 
separation membrane: a tank in which no less than one said filter 
body is disposed, and which receives a liquid suspension: and a 
diffusion device having a Miner member disposed below said 
rater body, or below and to one side of said filter body, (the 
memt»rane separation device] being provided with means for 
establishing an tnterminently greater flow ol diffused gas from 
said diffusion device per unit of time. 

{Detailed Oet criptlon of the Invention] 

(00011 

(Field of Industrial Application] The present mventton relates 
to a memt>rane separation device capable of providing simple 
and effective membrane separation of various freely selected 
suspensions (for example, suspensions of microlMOlogical 
particles. Inorganic particles, and the Kke), so as to produce a 
dartfied separated liquid. 

(0002] 

(Prior Art) Conventionally, devices are known wherein a 
permeate is produced by Immersing a hollow-fiber membrane 
bundle module in an aeration tank (see FIG. 4). 

(0OO3] The device shown m FIG. 4 Is such that a hottow-fiber 
membrane module 22 is immersed In an aeration tank 21: air 24 
is supplied from en air diffusion pipe 23 so as to maintain growth 
of microorganisms by keeping the Interior of the tank aerobic 
while maintaining the inter ftincUon of the hoiioviMiber momt>fane: 
a suction pump 25 Is used to obtain permeate 26 from the 
suspension wfthfai the lank which has bean ntfcrobioloQlcalty 
processed. 

(0OO4) However, when the present inventors did additional 
tests on this prior art they found the following serious 
disadvantages and judged the practicaflty thereof to t>e Inferior. 
That is to say. the devico shown in FIG. 4 has me fbKowlng 
tSisadvantages. 

fOOOS] (1) SS particles, such as activated sludge or fibrous 
components, get into the hoUow-f3>er membrane bundles and 
adhere or become affixed thereto, causing the nitration resistance 
to rise sharply. (2) Washing away SS components which have 
gotten into the kitedor of the hoHow4Sber memtirane bundles Is 
extremely difficult: It is not possft)le to wash away the adherent 
sludge and fibrous components without removing the hoUow-fiber 
membrane module, undoing it, and spraying it with high-pressure 
water. This is extremely labor-intensive, and it ^ practically 
impossible to implement these operations. 

(0008] 

(Probleroa to Be Solved by the Invention) The present 
invention is directed at oompfeteV solving the major problems of 
the conventionaf devices deserted above: m object thereof Is to 
provide a novel technology which can maintain low filtration 
resistance over a long period of time, and wMch is mainienance- 
free. 

(0007) 

[Meana for Solving the ProMema) In onf er thai the present 
invention sohie the problems of the prior art. various studies vwere 
conducted, and as a result H was discovered that the 
conventional problems could be solved by the fbltowtng means, 
and fn this mannerf the present inventkxi was completed. 

(0008) That is to say. the present invention is a membrane 
separation device charactenzed-in that this comprises: a fitter 
body comprising a spacer and a flat separation membrane, a 
tank in which no less than one said filter body is disposed, and 
which receives a liquid suspension: and a difliision device having 
a dilfufier member disposed t>ek)w said filter body, or betow and 
to one side of saki filter body, (the membrane separatk)n device] 
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being provided with means for estaoiishing an intermittently 
greater flow of diffused gas from said diffusion device per unit of 
time. 

(0009) The following are novel ideas of the present inventton. 
(t) The use of hollow-fiber membranes is abandoned: a filter 
body is used having a flat separation membrane wherein the 
shape makes it impossible for suspended soNds to become 
trapped at the interior of bundles. 

(0010) Conventionally, methods wherein flat separation 
membranes were provided in fdter presses and dehydrator 
structures were known, but the idea of immersing these in an 
aeration tank as pari of a method such as that of the present 
tnventkm has never before existed. 

(0011] (2) It was discovered that it was possible to effectively 
prevent membrane soiling by Intermittently increasing and 
decreasing the amount of diffused gas so as to create a 
disturbance at the membrane surface. The filter body used in the 
present invention has a filter member comprising at least a 
spacer and a flat separation filter. There are no particular 
re$tiictk>ns on the constAfCtion of this frfter memt>er. so tong as 
the construction of the filter member functions so that a 
suspension is filtered at least at the exterior of a flat separation 
membrane so that the fihrate moves to the interior of this 
membrane, and this b further provided with means fbr removing 
the filtrate that has been moved. However, the exterior shape of 
the fBter member Is preferably such that when the f9ter body is 
disposed wHhln the tank, the entire suifaoe.of the flat separation 
membrane can easily be contacted by bubt>les supplied f^om the 
diffusion device and by the currents caused by the bubt)les. 

(001^ The extertor surlooe of this mter member is formed as a 
flat separation membrane, but H is not absolutely necessary that 
Uie entire exterior surface be formed as a flat separation 
membrane: this can be formed locally on a suilable desired 
surlBoe region. 

[0013] Furthermore, so long as the fonn of the exterior surface 
of the flat separation membrane satisfles the aforementioned 
conditions, there are no particular restrictions thereon: this Is not 
limited to flat surfaces: and freely chosen curved surfaces are 
encompassed thereby. So long as the spacer functions at least to 
support the flat separation memtirane %vhiie maintaining a space 
which allows the fdUate to move to the Intertor. the conatniction 
thereof may be freely chosen, and there are no particular 
restrictions ttieraon. Furthermore, meen^ f6r removing the frftrate 
which has moved to the Interior, such as an outlet pipe, can lie 
provkfad. 

(0014) The material from v4)k:h the spacer Is constructed and 
the spedflc shape of the constoidron may be freely chosen: this 
can be a simple body with a soCd interior or e simple body wHh a 
hoHow interior, or a frame, or a combination of these. Examples 
include a frame, a simple plate with a solid Interior, a plate 
provided with a hoflow Inlerloc. a lattice, etc. In terms of the 
constnidion materiat a porous noaterial having a filter function is 
particular^ preferable* and in tcmis of the shape, a plate Is 
partiouiafly preferatile. 

fOOiq In temis of the means for supporting the flat sef»ration 
membrane on the spacer, adhesives. nuts and bolts, magnets, 
and the Iflce can be used. Accordingly, the external shape of the 
filter member of the filter body can be freely determined 
according to the shape of the spacer and the method of holding 
the flat separation membrane against the spacer, examples 
include plates, rods, inverted cones, and the like. In the present 
invention, pistes are particularly prefened. and those wherein a 
flat separabon membrane is fanned on both skies are preferred 
(0016) There are no particular restrk:lions on the material f6r the 
flat separatton membrane. 
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so long as this can produce a clarified frilrate: %vell-known 
uttrafmration membranes and nuac^ttralion membranes can be 
used, and me pore size of the meinbrafte may be freely chosen 
as suHabie according to the objective. 

(0017] The total suiface area of the flat separation membrane 
for one of these filter bodies is normally chosen from within the 
range of 4-20 m*. The filter body is disposed wUm the fitter 
device of the present invention, but there are no particular 
restrictions on the position at which this is disposed or the tike; it 
is preferable that this be positioned so that the flat separation 
membrane is readily impacted by the buobles and/or the currents 
aeated by the bubbles from the diffusion device, which is also 
installed within the filter device. In particular, if a pluraUty of fUter 
bodies are installed. It is preferable that the flat separation 
membrane surfaces of the filter bodies be parallel to the 
perpendicular direction, and that a space be suiubly provided 
between each of the flat separation meiirf>ranes: meanwhile, it is 
preferable that the diffusion device be instated below the fUter 
^>9&f, or below the filter body and to one side, for exampfe. at the 
bottom of the gap between the filter bodies. 

(00181 The diffusion device used in the present invention has a 
t>asic structure comprlsInQ a blower, a conduit, and a diffuser 
member, but commonly used well*lcnown devices can be used, 
and while there are no particular restrictions on ttie structure 
thereof, pipes and plates are generally used as the diffuser 
member. 

(0010] The presertt invention maintains the flat separation 
membrane cfean by means of the gas difliised from the diffusion 
device. tHit there are no particutar restrictions on the method of 
supplying this diffused gas to the interior of the tank; the settings 
(or the amount supplied, the supply time, the stop time, and the 
like caii be suitably chosen aocordktg to the type of suspension, 
the type of filter body, the standards for the flttrate. and the Ike. 

(0020] In particutar. the present Invention is characterized in 
that the membrane surface can be maintained at a greater level 
of cleanliness t)y intermittently establishing a high flow rate of 
diffused gas per unit of time. In this case, it Is particularly 
preferable that the period of time for which the high flow rate is 
established (Gt) is shorter than the other period of time (Ct). The 
amount suppHed per unit of tkne m the (9t time is greater than 
that in the Ct time, end each of these amounts is normally 
maintained at a constant level over time, but increasing or 
decreasing this or stopping the supply In either of the time 
periods is acceptable* Next. If a pkiraQty of dIflUston pipes are 
used, this may l>e set up so that each of me difHislon pipes Is 
suppGed independentfy. or the diffusion pipes may be connected 
and stippUed together. The meens used fbr these setups may t>e 
freely chosen, and these may be automatic or manual; exanvles 
include control of the blower itself or combinations of a t)lower 
and a valve, or the like. 

(00211 Furthermore, the type of diffused gas may be suitattly 
chosen according to the properties of the suspension used in the 
present inventkm; in the case of an aerobic biological processing 
liquid, gasses containing oxygen, such as air. are commonly 
used; in the case of an anaerobic biological processing liquid, 
nitrogen gas may be used. Suspensions such as these 
processing liquids may be introduced f^ the exterior or may be 
processed wittiin the device of the present invention from the 
beginning. In other words, it is clear that, 'm addition to membrane 
separation functions, this invention may have other' prixessing 
functions for poHuted water and the liKe. 

[0022] While the filtration method used in the present invention 
IS a method that moves filtrate from the exterior of the flat 
separation membrane, which is to say. from the side in contact 
with the suspension, to the Intertor of the membrane, freely 
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chosen filter pressure generation means may be used. For 
example, a negative pressure may be generated within the filter 
body by means of a pump, the tank may be seated and the 
intenor of me tank may be positively pressurized, a siphon may 
be used, etc 

(0023) When a pluraMy of fitter bodies are provided, the fdtrate 
recovery mechanism may be such that this is performed 
separately for each fitter body, or this may be perfonned with the 
filter bodies connected. For example, methods inchide those 
wherein a filtrate outlet pipe is provkled at each spacer, these are 
connected, and suction filtration is performed by means of a 
pump. 

(00241 

(Embodiments] 

In the folk>¥ving. the operatkxi of the present mvention and one 
embodiment thereof are described with reference to FIG. 1. In 
FIG. 1. 1 is a tank fMled with a freely chosen suspension, and 2 is 
a suspension Inlet. 

(0026] The basic construction of tt>e membrane separation 
device of the present Invention comprises a tank 1. a flat 
membrane module 3 which is the filler body, and a diffusion 
device 7 [sicl. Within the tank 1. a plurality of Oat menibrane 
modules 3. wherein a flat UF or MF membrane 5 Is provided on 
both skies of a planar porous body spacer 4. as shown In FIG. 2. 
is immersed and disposed parallel to the perpendteular direction 
wtih gaps 6 therebetween. 

{002i) Membrane pemieate outlet pipes 7 are provided at 
each of the Alter modules 3. The outlet pipe 5 (slc| is connected 
to a membrane pemneate suction pump 8. Diffuser members 9. 
made from a diffusing pipe or a diffiising plate, are provided at 
the bottoms of the flat membrane modules 3; air or another gas 
10 is diffused liy means of a btower It. If methane femnentatton 
bacteria, or such anaerobic microorganisms, are to be membrane 
separated, a gas not containing oxygen, such es nitrogen gas or 
methane gas. is used as the gas 10. 

[0027] In the present inventkm. the idea of intermittently 
Increasing the amount of gas 10 tAowtt Is Important: membrane 
soiling can be prevented more effectively than In the case where 
gas Is diffused at a constant rate; and. It has been experimentally 
conftmed that this affows fbr maintenance of « high membrane 
flux fbr a long period of time. 

[002q The means for Intermittently increasing the rate of flow 
of the gas 10 are simple and any means can be used but ki the 
example of FIG. 1. a method is edopted wherein a bk>wer 13 Is 
provkled. and a valve 12 Is kitermlttentfy opened and closed. 

(0029] In terms of why soiling of the membrane can be 
efliacrively prevented by Intermittently kicreasing the rale at which 
the gas 10 H diffused, that mechanism is not understood in detail 
at the present time. bU It is presumed to be as fottows. 

(0030) That is to say. it is thought probable that. If the rate at 
which the gas 10 is difl^ed Is intermittently kicreased. the flow 
pattems of the currents in the vicinity of the flat membrane are 
radically altered, and soSing substances on the membrene 
aurttee are removed at this point, so that the membrane surface 
Is kept dean. 

10031] It is possible to change the pattern of the rate of flow of 
the gas in various ways, but experimentat results indicate that a 
method wherein this is increased in short time-period cydes is 
more effective than one wherein the rate of flow of the gas Is 
kiaeased over long intenals of time. 

[0072] in other words, for example. H is more effective to have 
cydes with increased flow for 6 minutes in 1 hour than to have 
increased flow for 30 minutes once every S hours. Moreover, the 
size of the gap 6 between a flat membrane nrK>dule 3 
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and an adiaceol module is an important faaor. if Uns is too %ytde. 
soiling of the memt>rana wifl progress, and if this is loo narrow, 
this is readily obstructed by foreign matter. Experimental results 
slK>w tnai mm Is optimal. 

(0033) FurtherTTx>re. the disposition of the dilfusion device 9 
[sic] is also quite an important factor, most preferably, a dtfliiser 
member 9. comprising a diffusing pipe or plate, is inslaited in 
each gap 6 to the side of the flat membrane nuMfuie, as shown in 
FIG. 2. 

(00341 By virtue of this method, it Is possible to radically disturb 
the water currents aealed by the rising bubbles at the suiface of 
each membrane of the flat membrane modules 3 in a reliable 
manner, so a$ to effectively prevent membrane soding. In tenns 
of the type of flat-membrane separatbn membrane used in the 
present invention, various types of UF membranes (which is to 
say ullrafUtmtlon membranes) and MF membranes (which is to 
say microfiltration membranes) can be used: these may be 
selected in accordance with the type of reaction and the type of 
suspension. 

(0035] For example, if this Is appfied to wastewater U^ealment 
or water supply treatment, a micnofiltraUon membrane with a pore 
size of approximately 0.01-t pm can be used, and if high^evel 
treatment Is to be performed. UF mentfKanes with a moleailar 
weight cutoff of approdmatefy 1000-100.000 can be used. 

(00361 The device of the present invention is suttable for 
separation of microbiological suspensions, but it is also suftable 
for separating formed flock when coagulation agents, such at 
aluminum sulfate, are added to river water. 

Experfmental Examplee 

The performance of the present invention was proved 
experimentally using the present inventlori as a device for 
activated sludge processing of sewage. 

(0037] A iMater tank having a width of 30 cm, a length of 40 cm. 
and a height of 70 cm was filled %vrth a tlurry of MtSS 3500 
mgffHer activated sludge (water level 50 cm) and two of the 
fotk>wing fiat membrane modules were Immersed In the 
perpendioitar directk>n. 

(00381 Flat membrane module spedfications: 

size: 15 x 15 cm' MF membrane 

membrane pore slie: 0.5 pm 

spacer plastic porous body with a pore size of 1 50 pm (plale) 

rMe of diHUslon: amounts of air blown from the difluser pipe are 
increased and decreased in the foflowmg cycles. 

(00351 Cydes were repeated as follows: 

100 mere air/mlmito for 30 minutes 

thereafter. 300 ttam of alr/mlhufe for 3 minutes 

Uieraafter. reduced to 100 titers of a^Miinute Ibr 30 minutes. 

(0040] Operations were continued lor six months under these 
conditions, and the membrane permeate flux was as shown by 
line a in FIG. 3. During this experfmental period, the nmaibr^ne 
was never washed with chemicals. 

(0041] Furthermore, fine b in the figure mdicales results for a 
case where the rate at which the air was diAised was fixed at 
too RtersAnimfte. II is clear that intermittenlly increasing and 
decreasing the amount of air was effective In tnaintainNig high 
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(00421 Fuflhermore. as the membrane used as the fitter body 
in Ute present mvenlion was flat, absohitely no dogging or 
adherents of suspended solids within the hotlow-fiber membrane 
bundle module was observed, and this was maintenance-free. 
(0043] 

(Effects of the Invention] (i) There was no adhesion of 
suspended soHds. contaminants, or fiber components on the 
membrane surface: such was the case with the hollow-fiber 
membrane method, allowing for maintenance-free operation. 

10044] (2) n was possible to mahitain the membrane permeate 
tkix at a stably high value over a long period of time. (3) The flat 
membrane is simply attached to a spacer and immersed in a 
tank, so that the device and the manufacture theteof are simple, 
and the manufecturing costs thereof are Iowl 

(0045] (4) MeanwtiUe. even in cases where unexpected trouble 
results in soiling of the nwmtyrane and a drop in permeatkm flux, 
the flat membrene module can simply be pulled out and easily 
cleaned with a Mgh-pressura water spray. V\Ath the hoUow-fiber 
memtManc method, cleaning was not possft)le without undoing 
the hoUow fibers one by one, which could not l>e done except by 
humans and was extremely lat>or-lntenslve. 

(00461 <5) As me membrarie surface is planar, each of the 
membrane faces can reliably receive the disturtwnces in flow 
caused by the tMibbles. With hoOow-flber membranes, it would 
not be possible to provide the disturbance uniformly to the 
surfaces of the hollow-fiber memtvanes one t>y one. 
(0047] Consequently. soiSng Is extremely unUkely to occur. 
(Brief Description of the Drawtngsl 
(FIG. 1] This figure serves to describe an example of a 
membrane separation device of the present Invention. 

(FIG. q This Is a pert pecUve view Dkistrating one example of a 
fitter body used in the present Invention. 

{FIG. 3] This is a graph showing the results of an experimental 
example using ifie device of the present Invention. 

(FIG. 4] This is a figure for the purpose of describing one 
exampla of a oonventionaf membrane separatfon devlca. 
(Explanation of the Refefence Numerate] 
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